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Abstract 
The deregulation of the energy matrix, as evidenced in several countries, together with the need to have renewable 
energy sources in the system, contributes to the widespread installation of energy auto-producers in the electrical 
system. However, a number of factors, not less important, as the instability in energy prices, high costs of expansion 
of conventional electricity generation, the emerging of new environmental policies and incentive to the use of 
renewable sources such as the Program for the Incentive of Alternative Energy Sources – PROINFA in Brazil 
resulted in the promotion and the increase in the number of generating units from sugarcane plants interconnected to 
the mains. Nevertheless, a series of technical operating issues, in order to ensure the excellence of the mains power, 
and system integrity, concerns the independent producer and the larger network when analyzing the parallelism 
through contingency situations. Such analysis under the assumption of contingencies need to be clarified and better 
discussed in the light of current Standards taking in consideration the results obtained from computer models able to 
portrait reliably the cogeneration system.   
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1. Introduction 
     The interest for distributed generation has increased considerably over the years due to the 
restructuring in the Brazilian energy sector. 
With the increasing demand for bio-fuels it has become common the ethanol production in sugar mill 
production plants, the electrical energy generation in such plants gained focus in the national energy 
scene. Such plants are increasing their production and are building larger installations all over the country. 
Consequently, an increase exists in the number of synchronous generators owned by sugar mill plants. 
Some of them are connected to the local power authority’s medium level voltage. This fact added to the 
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current need to benefit from different forms of primary energy, technological advances and the awareness 
on environment conservation, is the way to induce and contribute to the dissemination of independent 
electrical power production. 
Therefore, it is an emerging force the need to understand the influence of such aspects in the operation 
and design of electrical energy distribution networks. Among the analysis to be made, the monitoring of 
voltage levels in the Common Coupling Point (CCP), before and after the presence of the Independent 
Power Producer (IPP), as well as the analysis of load rejection in the grid that can dramatically affect the 
IPP and mains electrical systems. Moreover, a solution is presented in order to prevent in advance serious 
damage to the electrical system when it faces the contingencies here analysed. Beyond this, the response 
of the synchronous machine controls, such as the speed regulator and voltage governor are also the 
subject of the studies in this work.  
Nomenclature 
tV - voltage at the independent generator bus bar (pu), 
refV - reference voltage (pu),  
aK - regulator gain, 
eK - exciter constant related to self-excited field, 
fK - time gain for the regulator stabilizer circuit, 
aT - regulator amplified time constant (s), 
rT - regulator input filter time constant,  
eT - exciter time constant,  
maxE - maximum exciter output voltage (applied to generator field),  
minE - minimum exciter output voltage (applied to generator field),  
fT - time constant for the regulator stabilizer circuit (s),  
( )e fV f E= - saturation function,  
maxV  - maximum limit for the regulator output voltage (pu), 
minV  - minimum limit for the regulator output voltage (pu), 
fE  - field voltage (pu), 
2. System Modeling 
2.1- Voltage Regulator and Speed Governor 
A synchronous generator is used to represent the independent power producer; it is the type SM 59 
with eight controls in the ATP model databank [1]. The voltage regulator is based in one of the models 
that are the basis for excitation regulators [2], [3] and [4]. According to the data input, this model can be 
reduced to four basic forms. The model used in this work for the voltage regulator can be seen in Figure 1 
(a), it is the type I model, one of the most complete designs recommended by the IEEE. 
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(a) (b) 
Fig. 1. (a) Voltage regulator model; (b) Speed Governor 
The speed regulator was implemented based in one of the simplest IEEE models, and often used in 
transient stability studies programs. Figure 2 presents the block diagram for the speed regulator associated 
to the steam turbine (if T4 = 0) or to the hydro turbine (if T4 ≠ 0).
It should be emphasized that the power producer generator is driven by a steam turbine with its voltage 
regulator and speed governor modeled in “ATP-Alternative Transients Program”, through the use of 
TACS subroutines. 
2.2- Electrical System
The independent power producer generators become part of the electrical system of a power authority 
distribution network, as illustrated in Figure 3. Such system is connected to the independent power 
producer through an interconnecting circuit breaker, following instructions established in [5]. Data 
depicted in Figure 3 refer to the system rated values, however, particularly for the independent power 
producer generator does not operate with a 0.8 lagging power factor, after performing a load flow. The 
source type representing the power authority was defined as a three-phase ideal source, being considered, 
therefore, as an infinite bus bar. To use such controllable model in ATP, it will be necessary to define the 
data listed in Table I. 
The rated parameters obtained for the machine voltage and speed regulators, as well as data referred to 
the independent power producer synchronous generator, were obtained directly from manufacturers. 
Fig. 3. Single line diagram for the electrical system in the case considered 
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Table 1. Synchronous machines parameters for the independent generator   
Data need for G1(G1=G2) 
Sn = 5MVA RA= 0.004pu xd= 1.8pu 
Un= 6.6kV xL= 0.1pu xq=1.793pu 
x’d=0.166pu x’q=0.98pu x”d=0.119pu 
x”q=0.17pu x0=0.046pu T’d0=1.754s 
T’q0=0s T”d0=0.019s T”q0=0.164s 
H1=1s ;H2=2s P=4 poles f=60 Hz 
2.3- Power Flow 
The energy independent generation provides a total power of 4 MVA to the interconnection with the 
power authority electrical system, through the coupling transformer, T2. Furthermore, the independent 
power producer provides energy to its internal demand, rated in 2.8 MVA. Active and reactive power 
produced by the power authority (G) and the Independent Producer (G1 and G2) can be seen in Table II. 
Table 2. Active and reactive power generated by the system power sources  
Source PG[MW] QG[MVAR] 
G 21,182 4,087 
G1=G2 3,302 0,385 
3- Case Studies 
3.1- Load Rejection at Distribution Network 
In this case it is evaluated the behavior of the system shown in Figure 3, after a load rejection, S2 = 
12,5MVA at the CCP. Figure 4 (a) shows the behavior of voltage at busbar 3 after load rejection at load 
S2. An accentuated voltage swell is evidenced at the CCP with the maximum being 1.15 pu followed by a 
voltage fluctuation with the stabilization in 1.07 pu [8].  Consequently, one of the quality energy indices 
becomes jeopardized in respect to the voltage magnitude. 
(a) (b) 
Fig. 4. (a) Voltage at busbar 3; (b) Voltage at the independent generation (busbar 4)   
The independent producer busbar 4 also experiences an operating voltage increase, as can be observed 
in Figure 4 (b). In this figure, can be observed a maximum voltage of of 1.08 pu, that can affect seriously 
sensitive equipment at the IPP. Consequently, both machines voltage regulators act to reduce excitation to 
0.7 pu, as can be seen in Figure 5 (a). Must be emphasized that, due to the fact that both machines are 
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identical and connected to the same busbar, having voltage regulators exactly alike, the response obtained 
from both regulators are the same. 
(a) (b) 
Fig. 5. (a) Voltage regulator response; (b) Speed response for the generators at the independent power producer 
Figure 5 (b) shows the speed response for the independent power producer generators. The machines 
has the tendency to oscillate strongly in an instant immediately after the load rejection, being the 
maximum for G1 speed ω =190,06 rad/s ( f = 60,5Hz), and the minimum speed ω =187.14rad/s ( f =
59,57Hz). However for G2 the maximum and minimum speed are respectively ω =190.7rad/s ( f =
60,7Hz) and ω =186.71rad/s ( f = 59,43Hz). Both present a damped oscillating transient, thus the G1 
machine shows a higher damping due to its lower inertia. As seen in Figure 5 (b) the frequency doesn’t 
remain for 0.5 s in 60.7 Hz and do not reach 58 Hz, frequency protection doesn’t act in this case [11]. 
According to the results obtained through the figures presented above, there is an additional stress the 
electrical equipment installed in the cogeneration plant is subjected, because the voltage fluctuates the 
oscillation reaches a maximum of 1.13 pu and stabilizing at about 1.08 pu. However, this undesired effect 
stems from a load rejection on the mains power, so this should provide a means to reduce such effects in 
order to ensure the integrity of parallelism, synchronous machines and other electrical equipment of the 
IPP, as well as the steam turbine blades due to fluctuations in the frequency. It is noteworthy that studies 
in order to predict the effects of a costly load rejection within the cogeneration plant premises with 
connection to the larger network, and ways to reduce such effects have already been developed and 
analyzed in [12], where the installation of a saturated core reactor able to absorb the excess of reactive 
power coming from the IPP rejected load was presented as an efficient and effective solution.    
In order to present a feasible and effective solution to ensure the safe interconnection of systems, the 
biomass generation of the independent producer to the mains power, is presented below, as an alternative 
technique widely used in electric power systems.    
3.2- Load Shedding in a Distribution Network Followed by the Outage of the Capacitor Bank Installed at 
Busbar 3. 
Through the excessive dielectric stress shown in Figure 4(a), originated by the reactive load rejection 
of power delivered before to the load S2 (Figure 3), the consumer electronics installed near the CCP will 
be extremely compromised. This leads to the adoption of techniques quite common to electric power 
systems aiming the reduction of voltage magnitude. Among them are highlighted the changing of tap of 
power transformers, changes in transformation ratio of voltage regulators, shutdown of capacitor banks 
and more. In the present work, through extensive computer simulations, the rejection of the capacitor 
bank at busbar 3, half cycle after the application of contingency presents itself as a good alternative and 
efficient technique. Figure 6 shows the response to the voltage on busbar 3, Figure 6(a), and at busbar 4, 
Figure 6(b) after the application of the suggested methodology. It is observed the effectiveness of the 
methodology as is evident in Figure 6(a), compared to Figure 4(a), a significant attenuation in the 
magnitude of the voltage experienced by consumers installed close to the CCP. However the life of 
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electrical equipment of the power utility and the IPP is guaranteed, as also shown by Figure 6(b), 
compared to Figure 4(b), the benefits derived by the technique presented here, to the electrical facilities 
and equipment of the IPP concerning the dielectric stress. Nevertheless, with regard to the quality of 
energy, the voltage magnitudes are in accordance with the current normalization [8].     
(a) (b) 
Fig. 6. (a) Voltage at busbar 3; (b) Voltage at the independent generation (busbar 4)   
Conclusion 
This work shows the main changes in voltage profile, at an electrical power authority system, more 
specifically in its distribution level network, due to the presence of an independent power producer by a 
load rejection from the electrical network of the local power authority.
The loss of load S2 generates a voltage swell that can affect decisively electrical equipments in the 
system. An effective way to reduce such effect could be the disconnection of the capacitor bank at busbar 
3, half a cycle after the contingency application. Thus, further studies to establish broader criteria 
regarding the protection of electrical systems should be made in order to ensure the integrity of both sides 
in the connection. This represents one of the major challenges to the smart grids.
Concerning the model developed, it is observed that the voltage regulator has a dramatic influence in 
the system behavior when facing the proposed contingencies. Therefore, an efficient and correct model of 
its control system is necessary for the efficiency and accuracy of computer simulations.  
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